Total, ultrafiltrable (Worthington 'Ultrafree'), dialysable and ionised calcium levels were measured in 110 serum samples selected randomly from patients for whom total calcium was ordered as a routine test. The available medical records were used to categorise most of the 86 patients as a guide to determining if the calcium results were appropriate to the diagnosis. Total calcium measurement was precise and reliable but was affected by the albumin level. Dialysable calcium measurement was good for diagnostic purposes and was not affected by albumin. Of 25 patients with apparently normal calcium metabolism, six had elevated ultrafiltrable calcium results. Ionised calcium measurement required the most time and sample and offered few, if any, clear advantages in diagnosis over the other free calcium tests. Further improvements in ionised calcium measurements appear to be needed.
SUMMARY Total, ultrafiltrable (Worthington 'Ultrafree'), dialysable and ionised calcium levels were measured in 110 serum samples selected randomly from patients for whom total calcium was ordered as a routine test. The available medical records were used to categorise most of the 86 patients as a guide to determining if the calcium results were appropriate to the diagnosis. Total calcium measurement was precise and reliable but was affected by the albumin level. Dialysable calcium measurement was good for diagnostic purposes and was not affected by albumin. Of 25 patients with apparently normal calcium metabolism, six had elevated ultrafiltrable calcium results. Ionised calcium measurement required the most time and sample and offered few, if any, clear advantages in diagnosis over the other free calcium tests. Further improvements in ionised calcium measurements appear to be needed.
SELECTION OF SAMPLES
Serum samples were obtained randomly from blood specimens sent for routine measurement of total calcium. They were handled anaerobically by quickly storing in 1 ml syringes. After dispelling air the syringes were sealed and refrigerated until analysis. All analyses for ionised, dialysable, and ultrafiltrable calcium were done within 6 hours.
ANALYTICAL METHODS
Procedures for total calcium," ultrafiltrable calcium," dialysable calcium-and ionised calcium! were as described previously. Reference intervals, in mmolfl, used for this study were determined on 150 lndividualsr' total calcium 2 ·18-2·58: ultrafiltrable calcium 1· 48-1 ·70; dialysable calcium 1· 25-1· 44; and ionised calcium 1·04-1·25. The precision (CV) of these assays, as determined from daily analysis of quality control material, was: total and ionised calcium 3-4 %; dialysable and ultrafiltrable calcium 2%.
Methods

CRITERIA FOR CATEGORIES BASED ON
DIAGNOSIS
All diagnoses were obtained from the patient's medical record and were made by the physicians without knowledge of the ionised, dialysable, or ultrafiltrable calcium results obtained in this study. 349
Several tests are available for the measurement of 'free' calcium in serum that may be suited for use in clinical laboratories. Instruments for measuring ionised calcium have been available commercially for several years'. Dialysable calcium by continuousflow measurement-has been clinically evaluated relative to total calciurn''. Ultrafiltrable calcium assay by the Worthington 'Ultrafree' device? may also be of more clinical use than total calcium. Dialysable calcium assays detect ionised calcium plus a portion of the low-molecular-weight calcium complexes: 50--60% of calcium citrate and about 80 %of calcium bicarbonate'' 5 •Ultrafiltrable calcium includes 100 % of these smaller complexes and may also include complexes with molecular weights up to about 20 000. 4 In this study, 110 samples were selected randomly from samples sent for routine measurement of total calcium. All were processed anaerobically and also analysed for ionised, dialysable, and ultrafiltrable calcium. Eighty-six obtainable medical records were reviewed and the associated results were grouped into categories based on the diagnosis or condition: no apparent calcium abnormality, hypoparathyroidism, hyperparathyroidism, monoclonal gammopathy or malignancy, urolithiasis, pancreatitis, or on haemodialysis. Results from five other patients were omitted since the patients could not be grouped into any of these categories.
No apparent calcium abnormality: These patients had no apparent problems related to calcium nor symptoms related to hypo-or hypercalcaemia. There was no mention of abnormal parathyroid function in any consultations by an endocrinologist. Hypoparathyroidism: In all cases, an endocrinologist diagnosed hypoparathyroidism. Six patients had thyroidectomies and five patients had parathyroidectomies which caused either transient or chronic hypoparathyroidism, often with symptoms. Hyperparathyroidism: Of the 11 patients with primary hyperparathyroidism, four had the diagnosis confirmed later by surgery. Six patients were diagnosed by history and symptoms to have primary hyperparathyroidism, and four also had elevated PTH levels. Multiple myeloma (monoclonal gammopathy): All five patients exhibited monoclonal immunoglobulin electrophoresis patterns and four had x-ray patterns consistent with this disease. Malignancy: With the exception of one patient with Stage IA ovarian cancer, these patients had serious malignancies originating in either the kidney, breast, lyrnph.Iung, or liver. Urolithiasis: All patients had a history of urolithiasis and had had a kidney stone within the past five years. Pancreatitis: Epigastric pain with an elevated serum amylase activity were the principal factors in this diagnosis. Haemodialysis: All patients were on routine haemodialysis and three of the seven patients were confirmed later to have secondary hyperparathyroidism.
Results and discussion
The number of patients and results in each category, including those that could not be grouped into any category, are shown in the Table. Calcium concentrations by the four tests evaluated are plotted in the Figure for each group of patients. Dialysable calcium was decreased once in the group with no calcium abnormalities. This was markedly fewer (3 %) than for ionised calcium (14 %), ultrafiltrable calcium (21 %), or total calcium (24 %). However, nearly all low or high total calcium results were on samples with low or high albumin levels.
In the hypoparathyroid group, 16 total calcium results were below the reference range, only slightly more than the free calcium methods which had 14 or 15 decreased results. In patients with hyperparathyroidism, total calcium was also increased the most often (14 of 15 results), slightly more than was ultrafiltrable calcium (12 of 14 results), dialysable calcium (11 of 15 results), or ionised calcium (9 of 13). In patients with malignancy, all dialysable and ionised calcium results, except one, were elevated, while all but two ultrafiltrable calcium results were elevated. Of the four normal total calcium results in this group, three were associated with low albumin levels. All results from patients with plasma cell dyscrasias were consistent, as were all results in the group with pancreatitis, except for one elevated ultrafiltrable calcium.
Toffaletti Summary ofpatients and results in each group
Ultrafiltrable calcium showed more increases (3 of 7 results) in those patients on haemodialysis than did either total (1 of 7), ionised (1 of 7), or dialysable calcium (none of 7). Perhaps the greatest differences between methods was in the patients with a history of urolithiasis. Four of five ultrafiltrable calcium results were elevated while only one of five results were elevated by the other calcium tests. However, additional data (not shown) from three otherwise normal volunteers with a recent history of renal stones showed that all four calcium tests were normal in each person. Therefore, elevated ultrafiltrable calcium is apparently not consistently associated with urolithiasis.
The method for total calcium measurement is very reliable and in this small comparison was nearly as good as the other calcium tests for diagnostic purposes. The principal drawback to total calcium is that it is affected by the albumin and protein levels.
Ultrafiltrable calcium concentration was elevated in many patients who were not clearly hypercalcaemic: eight patients with no apparent calcium abnormality, four with urolithiasis, and three on haemodialysis. Two explanations for these elevated results are, first, that the filtration device used in this method sometimes leaks 4 and, second, t'hat calcium complexes of relatively high molecular weight that have no diagnostic importance may be detected.
The method for dialysable calcium is reliable and precise'' and overall was as good or better than the other calcium methods. The principal drawback of this test is that it measures a proportion of the ... smaller calcium complexes and, although it is similar to that for ionised calcium, does not represent a well-defined quantity. During this study, seven ionised calcium results were not obtained due to malfunction of the instrument. This was many more unreportable results than for ultrafiltrable calcium (one), dialysable calcium (none), or total calcium (none). In no group of patients was ionised calcium superior to all other calcium tests, although it was increased as often as dialysable calcium in patients with malignancy.
In summary, reliability must be a feature of any calcium method for replacing total calcium as the primary means of monitoring calcium status in patients. The ionised and ultrafiltrable calcium methods tested here did not possess sufficient reliability for this purpose. Dialysable calcium was reliable for diagnostic purposes but is a quantity difficult to relate to physiological events. In terms of practicality and efficiency, considering the cost and time to do free calcium versus improvements in diagnosis, this study does not lend strong support to purchasing instrumentation for measuring free calcium. This conclusion does not apply to other situations such as during operations, where acute changes in ionised calcium may need to be monitored Toffaletti very closely, or if more reliable instruments for ionised calcium become available.
